Mitral pressure half-time (T1,2) is widely used as an independent measure of mitral valve area in patients undergoing percutaneous mitral valvotomy. However, fluid dynamics theory predicts T112 to be strongly dependent on chamber compliance and the peak transmitral gradient, which are variables that change dramatically with valvotomy. These theoretical predictions were tested in an in vitro model of the left heart where valve area, chamber compliance, and initial gradient were independently adjusted. Measured 
undoubtedly increase, and accurate MVA measurement will become even more important as the shortand long-term results of valvotomy are assessed. Although the Gorlin equation remains the principle invasive measure of the success of valvotomy, the need for serial follow-up demands a reliable noninvasive assessment of MVA. In current clinical practice, this is typically either echocardiographic planimetry of the mitral orifice or the mitral pressure half-time (T1/2) derived from Doppler data. 5, 6 T1/2 has recently been suggested to be more accurate than planimetry in patients after surgical commissurotomy.7 Despite its widespread use in patients undergoing balloon valvotomy, however, the accuracy of T,,2 has not been critically tested (LV) pressure, and the severity of mitral regurgitation.
We have recently described a theoretical derivation for T,,2 based on fluid dynamics principles. 4 In this formulation, TI/2 is predicted to vary inversely with MVA (as observed empirically) but also to vary directly with net LA and LV compliance and the square root of the initial pressure gradient. Thus of chamber compliance (all mathematical symbols are defined in Table of Abbreviations) . In this model, the left atrium and pulmonary veins are assumed to be a common chamber receiving the full cardiac stroke volume in systole and discharging it by elastic recoil through the mitral valve into the LV during diastole. Both the LA and LV chambers are described by terms relating instantaneous compliance (dV/dp) to chamber pressure; LV compliance (Cv) may also be a function of time to account for active LV relaxation. In its most general formulation, the governing equations for LA and LV pressure (Pa and pv) and MV flow (q) are three coupled nonlinear differential equations: Description of the model. Figure 1 illustrates the in vitro model used in this study. Rather than mimic mitral-flow profile with a pump, it uses gravity to mimic the dynamic forces at work in causing mitral valve flow. The model consists of a Plexiglas chamber approximately 6 cm (W) x 14 cm (L) x 57 cm (H) in size with a vertical septum to divide it into a "left atrial" side (6 x 6 x 57 cm) and a "left ventricular" side (6 x 8 x 57 cm). At the bottom of the vertical divider is a mount for the mitral valve, which for this study held round orifices from 0.3 to 3.0 cm2 in area. Fluid-filled pressure transducers are connected to the LA and LV chambers at the orifice level by short, wide-bore rigid tubes. The LV chamber is sealed at the top and connected to a solenoid valve that can be opened on computer command.
Heparinized canine blood was used for all experiments. A hand pump was used to increase pressure in the LV side to force blood over to the LA side. Compliance in each chamber was taken as the volume of blood necessary to raise the pressure at the transducer by 1 mm Hg and was proportional to the cross-sectional area of the chamber. Compliance was lowered in each chamber by inserting vertical Plexiglas plates (6 x 1 x 57 cm) into the chamber to displace a known amount of blood and decrease the cross-sectional area of the chamber.
Data acquisition. LA and LV pressures and orifice flow were preamplified by a Hewlett-Packard 7700 multichannel recorder (Andover, Massachusetts) and digitized at Hz by a Data Translation DT-2801A A/D board (Marlboro, Massachusetts) interfaced with a microcomputer. All data acquisition and on-line analysis was performed with customized software written for the Asyst scientific system (Macmillan Software Company, New York, New York). On software command, data acquisition was initiated, and the solenoid valve was opened to return the air pressure above the LV chamber blood to ambient pressure, establishing a pressure gradient 
Patient Studies
The hemodynamic tracings of 18 patients obtained during percutaneous mitral valvotomy were studied. There were four men and 14 women with a mean age of 54.9 ± 3.4 years (mean ± SEM). All Hemodynamic determination of mitral half-time. Simultaneous LA and LV pressure tracings were obtained with fluid-filled catheters, and a pulmonary artery catheter was used to obtain cardiac output by thermodilution. Ap0 was taken as the maximal early diastolic transmitral pressure gradient, and TI/2 was measured directly from the LA and LV tracings as the time required for this gradient to fall by half. Hemodynamic data were used rather than Doppler derived half-time data because they are available continuously throughout the valvotomy procedure. The close correlation of Doppler and hemodynamic derivation of T,,2 has recently been confirmed. 18 The MVA was calculated both by Figure 4 displays the variitted compliance funcability of TI/2 with initial pressure gradient for a ,5dV0/dp.--A so single orifice size (0.75 cm2) and two levels of net u-Al) + K.
compliance (16.3 Comparison ofobserved half-time with prediction of220/MVA. Included in Figure 6 are data displaying the observed T1/2 before valvotomy with predictions based on Equation 1 (squares) with the Gorlin equation ( Figure 6A ) and planimetered MVA ( Figure 6B ).
The correlations (r=0.48 for the Gorlin-derived T112 and r = 0.64 for the planimetry-derived data) were significant (p<0.05). After valvotomy ( Figures 6C  and 6D ), there was essentially no correlation between the observed T1/2 and 220/MVA with Gorlin-derived MVA ( Figure 6C ; r = 0.28, p= NS) and planimetryderived MVA ( Figure 6D ; r=0.05, p=NS). These correlations are summarized in Figure 7 .
Application of Half-Time Theory to Patients Undergoing Valvotomy
Atrial, ventricular, and net mean compliance. Table 1 shows that with the fall in peak LA pressure after valvotomy, mean LA (+ PV) compliance rose by 106% (p<0.02). With increased LV filling, mean LV compliance decreased after valvotomy by 24%, but this was not statistically significant. When mean net compliance was calculated before and after valvotomy [Cn = CaCvI(Ca + Cv)], the rise in Ca overshadowed the fall in C, so that CQ rose by 42% (p<0.02).
Comparison of predicted with observed mitral half-time. From these compliance and pressure data, T1/2 was predicted on the basis of Equation 9 and compared with the observed T1/2. Figure 6 shows these predictions in comparison with those with 220/MVA, again with data before valvotomy in Figures 6A and 6B Figure 7 .
The theoretical calculation of TI/2 before valvotomy ( Figures 6A and 6B ) was significantly better than that predicted by 220/MVA. After valvotomy ( Figures 6C and 6D) , the correlation between the observed and theoretical prediction of TI/2 was worse than before valvotomy but still better than that from Equation 1 . The poorer correlation after valvotomy was due in part to the lower variance of the observed TI/2 after valvotomy. In fact, the standard error of the estimate was better after valvotomy, from 38.8 to 26.7 msec for the estimate derived from Equation 9 (compared with 86.1 to 42.5 msec for Equation 1).
Relation of pressure to compliance and invariance of 11.6C,VIpj5lc,. An important point to recall is that the difference between Equations 1 and 9 is neither the effect of pressure gradient nor compliance alone but rather the product 11.6C,\/AJIcc. These data strongly suggest that TI/2 is determined by more than a simple inverse relation with MVA and that change in these other hemodynamic factors with valvotomy contributes to the breakdown of this inverse relation seen after valvotomy.
Theoretical Derivation of Mitral Pressure Half-Time As we have recently described,4 the theoretical determinants of T,,2 can be obtained by a straightforward fluid dynamics model of the LA, LV, and mitral valve. This formulation suggests (Equation 9) that T1I2 is indeed inversely proportional to effective valve orifice area but also directly proportional to net LA and LV compliance and proportional to the square root of the initial transmitral pressure gradient. In vitro testing of theoretical formulation. Several aspects of our mathematical formulation for T112 were tested in the in vitro model: 1) Is viscosity negligible in stenotic flow compared with convection effects? This was confirmed by the excellent fit to the data of the predicted parabolic decay curve rather than an exponential curve that would result if viscosity were dominant. This assumption is also used in the Gorlin formulation of mitral area evaluation and is implicit in the Net chamber compliance is constant throughout diastole. This at first seems to be an insupportable assumption because our analysis of compliance before and after valvotomy shows that both LA and LV mean compliance vary with chamber pressure and thus should change during the course of diastole. However, we showed that these compliance shifts during diastole were in opposite directions, and net compliance was in fact almost constant (Figure 11) .
Furthermore 
